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57 ABSTRACT 
An electric-discharge-machining power source in an 
electric discharge machine, which is capable of generat 
ing machining pulses each having a large peak value 
and a small pulse width, thereby attaining an improved 
machining speed. In the electric-discharge-machining 
power source, when supply of a power source voltage 
in between a workpiece (W) and a tool electrode (P) is 
prohibited by transistors (T1, T2), a generated return 
current attributable to energy accumulated in stray 
inductances (L1, L2) is returned to a high-voltage 
smoothing capacitor (C2) through return diodes (D1, 
D2). This allows the capacitor to be charged up to a 
voltage exceeding the power source voltage. As a re 
sult, the return current falls rapidly. In response to an 
output from a comparator (1) generated when a divided 
voltage (VH) corresponding to the capacitor charge 
voltage exceeds a reference voltage (VL), a transistor 
(T3) is rendered to be conductive. This allows the elec 
tric charge accumulated in the capacitor to be returned 
to a power-source-voltage smoothing capacitor (C1) 
through the transistor and an impedance (Z). 

1 Claim, 2 Drawing Sheets 

  



U.S. Patent Oct. 30, 1990 Sheet 1 of 2 4,967,054 
F. G. 

  



U.S. Patent oct. 30, 1990 Sheet 2 of 2 4.967,054 
F G3 

  



4,967,054 
1. 

ELECTRIC-DISCHARGE-MACHINING POWER 
SOURCE 

BACKGROUND OF THE INVENTION 

The present invention relates to an electric-dis 
charge-machining power source for use in an electric 
discharge machine, and more particularly, to a transis 
tor type electric-discharge-machining power source 
which is capable of increasing a machining speed. 

In order to increase a machining speed in electric 
discharge machining, it is desirable to use machining 
pulses which are large in peak value but small in pulse 
width. Conventionally, a capacitor type electric-dis 
charge-machining power source is employed so as to 
generate machining pulses which satisfy the aforemen 
tioned requirement. Recently, a transistor type electric 
discharge-machining power source has been employed 
which has an electric current return circuit for protect 
ing a transistor from a surge current (which is generated 
attributable to energy, accumulated in a stray induc 
tance in a discharge circuit of the electric-discharge 
machining power source) when the transistor is turned 
off. 

However, it is difficult to generate machining pulses 
having a large peak value and a small pulse width in the 
transistor type electric-discharge-machining power 
source since restrictions are found in increasing a power 
source voltage and decreasing a stray inductance. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
electric-discharge-machining power source in an elec 
tric discharge machine, which is capable of generating 
machining pulses having a large peak value and a small 
pulse width, thereby attaining an improved machining 
speed. 

In order to achieve the above-mentioned object, an 
electric-discharge-machining power source of the pres 
ent invention comprises: electric power source means; 
switching means for permitting and prohibiting an ap 
plication of an electric power voltage from the electric 
power source means in between a workpiece and a tool 
electrode; a capacitor arranged to be charged up to a 
voltage beyond the electric power voltage; and a return 
circuit for returning a return electric current to the 
capacitor to charge the same capacitor. The return 
electric current is generated due to presence of a stray 
inductance of a discharge circuit when the application 
of the electric power voltage is prohibited by the 
switching means. 
As mentioned above, according to the present inven 

tion, a return electric current (which is generated due to 
the presence of energy accumulated in the stray induc 
tance of the discharge circuit of the electric-discharge 
machining power source when the application of the 
electric power voltage in between the workpiece and 
the tool electrode is prohibited by the switching means) 
is returned to the capacitor so as to charge the same 
capacitor up to a voltage beyond the electric power 
voltage. Accordingly, it is possible to cause a return 
electric current to fall rapidly, and generate machining 
pulses having a large peak value and a small pulse 
width, so that an improved machining speed is attained. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of an essential part of an 
electric-discharge-machining power source according 
to an embodiment of the present invention; 
FIGS. 2A to 2F are timing diagrams of a relationship 

among various signals appearing at various portions of 
FIG. 1; 
FIG. 3 is a waveform diagram of an electric dis 

charge current in the arrangement of FIG. 1 in a com 
parison to that of a conventional arrangement; 
FIG. 4 is a circuit diagram of a conventional electric 

discharge-machining power source; and 
FIGS. 5A and 5B are timing diagrams of a relation 

ship between a pulse train for ON/OFF control of a 
transistor and an electric discharge current in the ar 
rangement of FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Prior to an explanation of the present invention being 
given, a conventional transistor type electric-discharge 
machining power source, having an electric current 
return circuit for transistor protection, will be explained 
with reference to FIGS. 4 and 5. 
A machining power source shown in FIG. 4 con 

prises transistors T1 and T2 each having a base to which 
a common pulse train G1 and G2 (FIG. 5A) is applied. 
When the transistors T1 and T2 are turned ON, a volt 
age VO across terminals of an electric power source E 
is applied in between a workpiece W and a tool elec 
trode P so that an electric discharge occurs therebe 
tween, accompanied with generation of an electric dis 
charge current i. The differential value of the electric 
discharge current i with respect to time is represented 
by the following equation (1). The electric discharge 
currenti increases linearly with elapse of time, as shown 
in FIG.S.B. 

di/dt=(VO-VG)/(L1-L2) (1) 

where VG represents a gap voltage between the work 
piece W and the electrode P, and L1 and L2 each repre 
sent a stray inductance of a discharge circuit of the 
electric-discharge-machining power source, respec 
tively. 
When the transistors T1 and T2 are turned OFF, the 

electric discharge currenti, which is generated attribut 
able to energy accumulated in the stray inductances L1 
and L2, flows between the workpiece W and the elec 
trode P through a capacitor C1 for smoothing the 
power source voltage and diodes D1 and D2 for electric 
current return. As shown in FIG. 5B, this discharge 
current i decreases linearly with the elapse of time, in 
accordance with the following equation (2). 

di/dt=(- VO-VG)/(L1-L2) (2) 

After all, when the transistors T1 and T2 are turned 
ON and OFF, a machining pulse is generated, which is 
a triangular in waveform which assumes a peak value 
upon the transistors being turned OFF and is symmetric 
with respect to the point of time at which the peak value 
appears. 
As apparent from equation (1), the larger the power 

source voltage VO gets, the steeper the rise of the elec 
tric discharge current i will be, so that the peak value of 
the discharge current will increase. However, conven 
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tionally, it is difficult to generate machining pulses hav 
ing a large peak value and a small pulse width in a 
transistor type electric-discharge-machining power 
source accompanied with restrictions in increasing the 
power source voltage VO and decreasing the stray 
inductances L1 and L2. 

In the following, with reference to FIGS. 1-3, a tran 
sistor type electric-discharge-machining power source 
according to an embodiment of the present invention 
will be explained. 

Referring to FIG. 1, the electric-discharge-machin 
ing power source is basically constructed in the same 
manner as the arrangement of FIG. 4. That is, the elec 
tric-discharge-machining power source comprises an 
electric power source E and a capacitor C1 connected 
in parallel therewith for smoothing the power source 
voltage. The power source E has its positive terminal 
connected to the workpiece W through a transistor T2, 
and its negative terminal connected to the tool elec 
trode P through a transistor T1 which cooperates with 
another transistor T2 to form switching means. These 
transistors T1 and T2 each have a base supplied from a 
control circuit (not shown) with a pulse train G1 and 
G2 for control of a transistor ON-OFF operation. A 
diode D1 for electric current return has its anode con 
nected to a lead wire which connects the negative ter 
minal of the power source E with the emitter of the 
transistor T1. Further, the anode of an electric current 
returning diode D2 is connected to another lead wire 
which connects the collector of the transistor T1 with 
the electrode P. In FIG.1, reference symbols L1 and L2 
represent stray inductances of a discharge circuit of the 
electric-discharge-machining power source, and VO 
and VG represent the power source voltage and the gap 
voltage, respectively. 
An essential part of the electric-discharge-machining 

power source will be explained herein below. 
Reference symbol C2 indicates a high-voltage 

smoothing capacitor having one end connected to the 
negative terminal of the power source E and another 
end connected to the cathode of the diode D2. Con 
nected to the capacitor C2 in parallel therewith is a 
voltage divider consisting of resistors R1 and R2 whose 
junction is connected to one input terminal of a compar 
ator 1 having another input terminal to which a refer 
ence voltage VL is applied. An output terminal of the 
comparator 1 is connected to a base of a transistor T3 
which serves as a second switching means. The transis 
tor has a collector connected to a junction of the capaci 
tor C2 and a resistor R1 and an emitter connected to the 
positive terminal of the power source E through an 
impedance Z. Reference symbol D3 indicates a fly 
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wheel diode connected in parallel with a coil, in a case 
where the same coil forms the just-mentioned impe 
dance Z. 

Next, operation of the electric-discharge-machining 
power source constructed as mentioned above will be 
explained. 

In response to the control pulse trains G1 and G2 
applied from the control circuit (not shown) to the bases 
of the transistors T1 and T2, these transistors are repeti 
tively turned ON and OFF. When the transistors are 
turned ON, the power source voltage VO is applied 
through the transistors to the gap between the work 
piece W and the electrode P. Upon generation of elec 
tric discharge between the workpiece and the electrode, 
the electric discharge current i1, represented by the 
following equation (3) corresponding to equation (1), 
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4. 
flows along a path in a direction from the positive termi 
nal of the power source E to the negative terminal 
thereof through the transistor T2, workpiece W, elec 
trode P and transistor T1. As shown in FIG. 2B, the 
discharge currenti1 increases linearly with the elapse of 
time. 

di1/dt=(VO-VG)/(L1-L2) (3) 

When the transistors T1 and T2 are turned OFF, a 
return electric current i2 is generated attributable to 
energy accumulated in the stray inductances L1 and L2, 
and flows along a path directing from one end of the 
high-voltage smoothing capacitor C2, connected to the 
negative terminal of the power source E, to the other 
end thereof through the diode D1, workpiece W, elec 
trode P and diode D2, so as to charge the capacitor C2. 
This return electric current i2 (i.e., the discharge elec 
tric current in a state where the transistors T1, T2 are 
turned OFF) decreases in accordance with the follow 
ing equation (4). 

di2/dt=(- VC-VG)/(L1-L2) (4) 

In the above equation, VC represents the voltage 
across the capacitor C2. 
The capacitor C2 is rapidly charged by the return 

electric current i2 up to the charge voltage VC beyond 
the power source voltage VO. In a state where the 
charge voltage VC exceeds the power source voltage 
VO, the differential value di2/dt of the return electric 
current (i.e., the discharge electric current upon the 
transistors being turned OFF) represented by equation 
(4) is larger than the differential value dil/dt of the 
discharge current when the transistors are turned ON. 
In other words, the fall of the return electric current i2 
is steeper than the rise of the discharge current i1 
(FIGS. 2B and 2C). After all, as shown in FIG. 2D, the 
discharge current i (=il-i2) has it trianglar waveform 
which is symmetric with respect to the point of time at 
which the discharge current assumes its peak value. 

During the time the capacitor C2 is charged, the 
comparator 1 is supplied at its one input terminal with a 
divided voltage VH, corresponding to the charge volt 
age VC of the capacitor, from the voltage divider. 
When the divided voltage VH exceeds the reference 
voltage VL with increase in the capacitor charge volt 
age VC (FIG. 2E), the transistor T3 is supplied at its 
base with a High-level output signal G3 (FIG. 2F) from 
the comparator 1, and is rendered conductive. The 
return electric current i2 then flows along a path in a 
direction from one end of the power-source-voltage 
smoothing capacitor C1 to the other end thereof 
through the diode D1, workpiece W, electrode P, diode 
D2, transistor T3 and impedance Z, so as to charge the 
capacitor C1. Further, the electric charge accumulated 
in the capacitor C2 is returned to the capacitor C1 
through the transistor T3 and the impedance Z, so as to 
prevent an excessive increase in the charge voltage of 
the capacitor C2. 
According to the electric-discharge-machining 

power source of the present invention, it is possible to 
attain the discharge current having a peak value which 
is larger than that of the discharge current in the con 
ventional arrangement shown in FIG. 4. This will be 
explained with reference to FIG. 3. 
The arrangement of the embodiment is common to 

the conventional arrangement in that the electric dis 
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charge current increases during a first time period start 
ing at time t1 at which the transistor is turned ON to 
start the generation of the discharge current and ending 
at a point in time at which the transistor is turned OFF 
and the dicharge current has its peak value. The electric 
discharge current decreases during a second time period 
starting at the time at which the transistor is turned 
OFF and ending at time t2 at which the generation of 
the electric discharge current is terminated. However, 
in the arrangement of the embodiment wherein the 
discharge current rapidly falls as shown by a solid line 
in FIG. 3, the second time period (return-current gener 
ation time period) is considerably smaller than the first 
time period. This is distinct from the case of the conven 
tional arrangement wherein the discharge current falls 
as shown by a dotted line in FIG. 3 so that the first and 
second time periods are substantially equal to each 
other. Accordingly, if the pulsed discharge current 
having the same pulse width of T is generated, the peak 
value Ip of the discharge current in the arrangement 
according to the present invention is larger than the 
peak value Ip' in the conventional arrangement. If the 
generated discharge current has the same peak value, 
the pulse width of the discharge current in the appara 
tus of the present invention is shorter than that in the 
conventional apparatus. 
Meanwhile, a pulsed discharge current, which has a 

regular pulse width and a regular peak value, can be 
attained by the use of a control circuit of a type dis 
closed, e.g., in Japanese Patent Publication No. 
44-13195. The central circuit supplies pulse trains G1 
and G2 having a reduced variation in pulse width dur 
ing the electric discharge machining. 
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6 
We claim: 
1. An electric-discharge machining power source 

including a workpiece, a tool having electrodes, and a 
discharge circuit, comprising: 

electric power source means; 
first switching means for permitting and prohibiting 
an application of an electric power voltage from 
said electric power source means between the 
workpiece and the tool electrode; 

a first capacitor connected to be charged up to a 
voltage beyond said electric power voltage; 

a return circuit, connected to said first capacitor, for 
returning a return electric current to said first ca 
pacitor to charge said first capacitor, said return 
electric current being generated due to presence of 
a stray inductance from the discharge circuit when 
the application of said electric power voltage is 
prohibited by said first switching means; 

discrimination means for generating an output when 
it is determined that a charge voltage of said first 
capacitor exceeds a reference voltage; 

a second capacitor connected in parallel with said 
electric power source means; and 

second switching means for switching in response to 
the output from said discrimination means and 
interposedly arranged between said second capaci 
tor and said return circuit and between said first 
capacitor and said return circuit, 

an electric charge accumulated in said first capacitor 
is returned to said second capacitor when the 
charge voltage of said first capacitor exceeds said 
reference voltage. 

s s s 
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